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Introduction

Demand for increased network bandwidth in data centers continues to grow. Several industry
groups and standards bodies are using or are actively considering multi-level signaling for such as
Pulse Amplitude Modulation (PAM) since it enables higher data rates for a given channel bandwidth
compared to common Non-Return-to-Zero (NRZ) signaling. However, the switch from NRZ to PAM-4
creates many new design and measurement challenges.

NRZ (PAM-2)

Keysight N8827A/B PAM-4 analysis software for
select Infiniium Series real-time oscilloscopes

is designed to accurately and quickly
characterize electrical PAM-4 designs.
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N882/A/B PAM Analysis Features

Comprehensive analysis of Pulse Amplitude Modulation (PAM-4)
signals

Supports 4-level or PAM-4 signaling analysis

- Eye width, eye height, eye skew

Level amplitude, level noise, level skew

Linearity measurements and more

- Transition qualified clock recovery

Bit error ratio (BER) and symbol error ratio (SER) measurements

BER/SER per acquisition measurements to help identify burst errors

- Unfolding of PAM-4 eye to show waveform location of BER/SER errors found

Flexible, economical

- PAM measurements are supported by all V-Series, Z-Series, 90000A Series, 90000
X-Series, and S-Series oscilloscopes

- PAM features are integrated directly into the Infiniium user interface (not a separate
application)

- Offline analysis available on a PC using N830OA Infiniium Offline oscilloscope
analysis software plus the N8827A/B PAM analysis software

Powerful advanced analysis features

- PAM-4 equalizers are available (CTLE, FFE/LFE) using the N5461A Infiniium Serial
Data Equalization software

- Embedding / de-embedding of channels using N5465A InfiniiSim Waveform
Transformation Toolset for Infiniium Oscilloscopes

- Jitter and amplitude analysis on IEEE JPO3 patterns using the N56400A EZJIT Plus
Jitter Analysis Software




04 | Keysight | N8827A/B PAM-4 Analysis Software for Infiniium Oscilloscopes - Data Sheet

Easy Measurement Setup

The Keysight N8827A/B PAM analysis software extends the ease-of-use advantages
of the Infiniium oscilloscopes to the analysis of PAM-4 signals. A wizard walks you
quickly through the steps required to setup measurements for a PAM encoded signal
and to select methods for clock recovery and then the measurements you wish to have
performed on your PAM-4 signal.

Leveraging the E2688A High-Speed Serial Data Analysis software, the N8827A/B is able
to accurately set the individual threshold levels of your PAM-4 signal and render each
individual eye.

PAM-4 specific clock recovery

You can choose different, software based clock methods that include first and second
order phase-locked loop or constant frequency clock recovery. In addition, if you have
a reference clock available, you can route that clock signal to an unused scope channel
that you configure as an explicit reference clock for your PAM-4 signal. Transition
qualified clock recovery delivers flexible transition-specific reference levels for patterns
with low uniform density.

PAM Setup Wizard

PAM Setup

| PAM Setup 7 E |

Signal Type

| PAM4

Nominal Symbol Rate

[6.750000000 GBd | W | A |
Measurements
Eye me emen ch eye
Level measurements for each level |MJHREmnve\

Rise/Fall measurements for each transition |Add|[Remove|

Setup clock recovery.
General Setup Clock Recovery Method

Clock Recovery. Second Order PLL %
Acauisition
Thresholds

Nominal Data Rate Nominal Symbol Rate
[13.500000000 Gb/s ["W | A'| [6.750000000G8d  [W [T A']

Loop Bandwidth Damping Factor
[4.049 Mz VYR (100 V)

— 5 Non-Symmetric
03, 30 Edges 12, 21 Edges [ ] Edges
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PAM Setup Wizard 7

We will first set the PAM voltage thresholds on the main waveform view so
that we can build a real-time eye.
General Setup
Clock Recovery As0Re
Acaisition ‘.
P —
fcesiioids) ‘Auto set thresholds
Noise e ——

Measurements 23 Threshold
Congratulations
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Perform comprehensive analysis of Pulse Amplitude
Modulation (PAM-4) signals using the N8827A/B

Accurate analysis of electrical and optical signals

Keysight's N8827A/B PAM software performs accurate analysis on electrical PAM-4
signals using measurements integrated directly into the Infiniium user interface (no
external application is required). Communication links using PAM typically operate at
much higher Symbol Error Rate (SER) than traditional NRZ links, so the N8827A/B
analysis algorithms have been engineered to provide robust measurements on real world
waveforms including those from severely degraded signals.

Eye diagram analysis

Analyze eye diagrams using built-in measurements:
- Eye-centric measurements:
- Level - Skew
- Eye height - Eye width

- Level-centric measurements:
- Mean level (voltage or power)
- Thickness (rms and p-p)
- Skew

\Na\/eform aﬂalySIS [ % | Results_(Measure All Edges)

ment
® Eye 23 Width(m 126202 ps 126202 ps
© Eye /2 Width(m 155048 ps 05 15.5048 ps
© Eye0/LWidthim 132212ps 05 132212 ps

Analyze pattern waveforms including linearity and PRBS patterns.
T © Eye 2/3 Heightn 292 mV.
- Level measurements - Noise measurements O AT T
_ Linearity @ Eye 0/1 Height(n 3

@ Eye 2/3 Skew{m]
© Eye 1/2 Skewfml -
© Eye 0/1 Skew{m]

SIUBLIRINSEI|

N N N © Eye 2/3 Level(ml p
Bit error ratio (BER) and symbol error ratio (SER) b= aiecknd
® Eye 0/1 Levellm]l -98.
measurements e
% Level 1 Mean(m] - X -59.]
Since PAM-4 often uses forward error correction (FEC), it is now © Level OMean(ml 1491 mV : -UoLmY
. . . % Level 3RMS(m1) 86466 mV X 8.6466 mV
possible to use an oscilloscope to perform BER and SER testing. D Levl2RUSml) 77473 mV - 7742 mv
. B Level 1 RMS(m1) 73821l mV X 73821 mV
Use the BER/SER measurements to determine error count and to D Level ORMS(ml) 96787 mV 9787 m
show waveform location of errors for repeating patterns (such as
PRBS7 ). coer o
- BER/SER cumulative measures statistical BER level BER 8 Enabie imit Test. (A MEITEmER) [ Copy From e
. . . per acq e ——
- BER/SER per acquisition helps to identify and locate burst ; [ Mesuemerc | ptwien [ umts ]
errors F BER, Per Acq(1- |Fail Count in Range(V] [ '16
. . . 3 B © Eve 2/3 Width(1 [Outside Limits (W] [0.05 t[10.0000 ns
- PAM-4 eye unfolding shows location of BER/SER errors in o W o tve 12 widho [out Ay |1 10,0000 15
our aCtUa[ PAM_4 Waveform o - M © Eye 0/1 Width(1 |Out Use Fail Cognt n to[10.0000 ns
/ W Range to Trigger —

163.203 MV,-13.4569 mV, -

Action on Burst Errors

Stop on Failure

B Perform MultiPurpose on Failure [Set up Multipurpose|

Navigate to BER
error location in

1. BER/SER capability requires at least two error free copies of an identical repeating bit pattern in your
scope acquisition memory in order to calculate BER/SER.
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Advanced Analysis Features (PAM) Analysis Using the
N8827A/B

Gain even deeper insights into your PAM signals

The existing library of Infiniium optional software analysis features also support more
advanced analysis of PAM signals, providing even more insight into your designs. Using
the Infiniium signal processing interface tools for real-time oscilloscopes, you can (for
example), cascade S-parameter models and/or equalizers to model your transmission
line, or backplane, and receiver.

Equalization

The optional Nb6461A InfiniiSim Serial Data Equalization Software adds powerful
software equalization capability:
- CTLE - Continuous Time Linear Equalizer - FFE/LFE - Linear Feedforward Equalizer

Embedding/de-embedding

The optional N5465A InfiniiSim Waveform Transformation Toolset can simulate PAM
signals at the end of a channel (embed) or remove the effects of a cable or channel
(de-embedding).

- Embedding of channels

- De-embedding of cables, fixtures

Jitter/noise analysis

The optional N8813A EZJIT Complete software tool can be used to characterize jitter on
PAM signals when using patterns such as IEEE JPO3B (clock patterns):

- Random jitter

- Periodic jitter

- Vertical Noise

Offline analysis

The optional N8900A Infiniium Offline oscilloscope analysis software along with the
N8827A/B PAM-4 option allow you to make PAM-4 measurements without having to
work directly with an oscilloscope.

- Use saved or simulated PAM-4 signals
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Oscilloscope compatibility

Oscilloscopes Software

S-Series 5.6 or higher
V-Series 5.6 or higher
90000A Series 5.6 or higher
90000 X-Series 5.6 or higher
90000 Q-Series 5.6 or higher
/-Series 5.6 ar higher

Ordering Instructions

PAM analysis software is available as an option when you order your new V-Series or
Z-Series oscilloscope or as a standalone license that is assigned by the user to a single
Infiniium oscilloscope, or it may be ordered as a transportable license (-1TP) that can be
moved by the user from one instrument (or PC) to another.

To purchase the N8827A/B PAM analysis software with a new Infiniium oscilloscope
please order the option indicated in the table.

License type V-Series Z-Series S-Series 90000 90000 90000A Infiniium
X-Series Q-Series Series Offline
PAM-4 Fixed Factory-installed N8827A-1FP  N8827A-1FP  N8827B-1FP
analysis User-installed N8827A-TFP  N8827A-1FP  N8827B-1FP  N8827A-1FP  N8827A-1FP  N8827A-1FP
software  Floating Transportabled ~ N8827A-1TP  N8827A-1TP  N8827B-1TP  N8827A-1TP  NB8B827A-1TP  N8827A-1TP  N8900-006
Server-based N5435A-077 N5435A-077 N8900-006

To add the N8827A/B PAM analysis software to an existing Infiniium oscilloscope please
order the following:

Model number  Description

N8827B-1FP Fixed perpetual PAM-4 software for Infiniium S-Series oscilloscopes

NB8827A-1FP Fixed perpetual PAM-4 software for Infiniium V-Series, Z-Series, 90000
Q-Series, 90000 X-Series, or 90000A Series oscilloscopes

For PC’s running the Keysight N8900A Infiniium offline application:
- N8827B-1TP

PAM-N analysis software, transportable perpetual license (move Option TTP between
any computers/PCs).

The N8827A/B requires that the E2688A serial data analysis or Nb384A serial data
analysis package also be licensed on the platform.

The N8900-006 requires that the N8900-002 also be licensed.

For more information, visit www.keysight.com/find/N8827A or
www.keysight.com/find/N8827B


http://www.keysight.com/find/N8827A
http://www.keysight.com/find/N8827B
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Ao

LXI

www.axiestandard.org

AdvancedTCA® Extensions for Instrumentation and Test (AXle) is an

open standard that extends the AdvancedTCA for general purpose and
semiconductor test. Keysight is a founding member of the AXle consortium.
ATCA®, AdvancedTCA®, and the ATCA logo are registered US trademarks of
the PCI Industrial Computer Manufacturers Group.

www.Ixistandard.org

LAN eXtensions for Instruments puts the power of Ethernet and the
Web inside your test systems. Keysight is a founding member of the LXI
consortium.

WWww.pxisa.org

PCI eXtensions for Instrumentation (PXI) modular instrumentation delivers a
rugged, PC-based high-performance measurement and automation system.


www.axiestandard.org
www.lxistandard.org
www.pxisa.org
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From Hewlett-Packard through Agilent to Keysight

For more than 75 years, we've been helping you unlock measurement insights. Our
unique combination of hardware, software and people can help you reach your next
breakthrough. Unlocking measurement insights since 1939.

1939 THE FUTURE

myKeysight

www.keysight.com/find/mykeysight

myKeysight
A personalized view into the information most relevant to you.

Three-Year Warranty

www.keysight.com/find/ThreeYearWarranty

Keysight’'s committed to superior product quality and lower total cost

of ownership. Keysight is the only test and measurement company with
three-year warranty standard on all instruments, worldwide. And, we provide
a one-year warranty on many accessories, calibration devices, systems and
custom products.

WARRANTY

Keysight Assurance Plans

www.keysight.com/find/AssurancePlans

Up to ten years of protection and no budgetary surprises to ensure your
instruments are operating to specification, so you can rely on accurate
measurements.

ASSURANCE PLANS

Keysight Infoline
www.keysight.com/find/service

Keysight Infoline  Keysight’s insight to best in class information management. Free access to
your Keysight equipment company reports and e-library.

Keysight Channel Partners

www.keysight.com/find/channelpartners

Get the best of both worlds: Keysight's measurement expertise and product
breadth, combined with channel partner convenience.

KEYSIGHT

TECHNOLOGIES

Unlocking Measurement Insights

For more information on Keysight
Technologies’ products, applications or
services, please contact your local Keysight
office. The complete list is available at:
www.keysight.com/find/contactus

Americas

Canada (877) 894 4414
Brazil 5511 3351 7010
Mexico 0071 800 254 2440
United States (800) 829 4444
Asia Pacific

Australia 1800 629 485
China 800 8100189
Hong Kong 800 938 693
India 1800 11 2626
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1800 888 848
Singapore 18003758100
Taiwan 0800 047 866

Other AP Countries (65) 6375 8100

Europe & Middle East

Austria 0800 001122
Belgium 0800 58580
Finland 0800 523252
France 0805 980333
Germany 0800 6270999
Ireland 1800 832700
Israel 1809 343051
[taly 800 599100
Luxembourg +32 800 58580
Netherlands 0800 0233200
Russia 8800 5009286
Spain 800 000154
Sweden 0200 882255
Switzerland 0800 805353
Opt. 1 (DE)
Opt. 2 (FR)
Opt. 3(IT)
United Kingdom 0800 0260637

For other unlisted countries:

www.keysight.com/find/contactus
(BP-02-10-16)
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